This study presents the results of the first field application of a flow-through multi-wavelength Fast 15 Repetition Rate fluorometer (FRRF) equipped with two excitation channels (458 and 593 nm). This 16 device aims to improve the measurement of mixed cyanobacteria and algae community's photosynthetic 17 parameters and was designed to be easily incorporated into existing ferrybox systems. We present a 18 spatiotemporal analysis of the maximum photochemical efficiency (F v /F m ) and functional absorption 19 cross section (σ PSII ) recorded from April to August 2014 on a ship-of-opportunity commuting twice per 20
Introduction
organic matter using sunlight and atmospheric CO 2 , forms the basis of the marine food web (Cloern, the FFL-40 were selected to optimize the measurements of the photophysiological parameters of naturally 165 mixed cyanobacteria and algae communities (Simis et al., 2012) . However, it should be noted that 166 challenges in instrument design are much greater when combining longer wavelength (593 nm) excitation 167 with detection around 690 nm, compared to existing experience with blue excitation light. Isolating the 168 rise in fluorescence during a single turnover (ST) induction curve from cross-talked between light source 169 and detector requires careful and regular calibration of all optics in the system; a calibration that was 170 repeated weekly during this field study. Nevertheless, noise in data caused by variable cross-talk due to 171 light scattered by particles will always lead to reduced sensitivity in variable fluorescence at longer excitation wavebands. The instrument is equipped with a measurement chamber exposed to excitation 173 flashlets and actinic light and a secondary chamber only exposed to actinic light. The secondary chamber 174 is kept at temperature by sea water flowing through an outer jacket of the chamber. The sample is 175 frequently redistributed between the chambers (between light steps and at one minute intervals during 176 dark acclimation) to prevent cells from settling and to maintain seawater temperature in the sample. Prior to each measurement sequence, detector gain and blue and amber flashlets intensity were 186 automatically adjusted to obtain optimal saturation. The intensity limits for blue and amber flashlets were 187 respectively 0 -96,000 and 0 -65,000 µmol photons m -2 s -1 . Actinic light was modulated between 0 and 188 1,000 µmol photons m -2 s -1 from blue and amber LEDs combined. et al., 2003; Ruokanen et al., 2003) . For each sampling station, data were standardized, log transformed (log 10 (x+1)) and averaged over the 258 whole sampling period to limit temporal effects. The cluster was then built using the hierarchical 259 complete linkage method based on the similarity matrix obtained using the Euclidean distance. The 260 significance of differences between the groups identified by the cluster was verified with an analysis of 261 similarity (one-way ANOSIM test).
262
Relationships between photosynthetic parameters, environmental parameters and fluorescence 263 measurements of phytoplankton pigments were quantified using stepwise multiple linear regression 264 analyses with a forward procedure of selection using Statistica 6. The explanatory variables tested were: reached the same temperature as southern parts in a few days. Salinity (Fig. 3B) Turbidity (Fig. 3F ) varied significantly in space (ANOVA, P<0.001) and time (ANOVA, P<0.001).
312
Turbidity ranged between 0.70 and 4.07 NTU. Turbidity was relatively low and constant (<1.50 NTU) 313 except during July when a high turbidity (with a peak at 4.07 NTU) was recorded in the northern part of 314 the transect (between 57.9 and 60.0°N). (r 2 =0.60, P<0.001) ( Fig. 5A) and showed similar spatio-temporal patterns of variation ( Fig. 6A & B) . 371 σ PSII (458) and σ PSII (593) were significantly different (paired t-test, P<0.001) and no significant 372 correlation was found between these parameters (Fig. 5B ). σ PSII (458) ranged from 55 to 610 Å 2 quantum -1 373 while σ PSII (593) ranged from 96 to 350 Å 2 quantum -1 . Temporal variation of σ PSII (458) (Fig. 6C ) was 374 different between the different parts of the Baltic Sea. From 56.5 to 60.0°N, σ PSII (458) was low in April-
375
May and high from the end of June to July with the maximum value (610 Å 2 quantum -1 ) observed at the 376 end of June. In the other part of the Baltic Sea (from 54.0 to 56.5°N), σ PSII (458) was also low in April-
377
May but the highest value (487 Å 2 quantum -1 ) was reached in mid-June and the period with high values 378 was shorter. Like σ PSII (458) , σ PSII (593) (Fig. 6D ) was low in April. High σ PSII (593) values were, however, 379 observed later (from the end of June to the end of August) and over a longer period than high σ PSII (458) 380 values. Also, in areas where data for both σ PSII (458) and σ PSII (593) were available, the spatial variability 381 of σ PSII (593) was lower than for σ PSII (458).
382
The relationship between F v /F m and σ PSII (Fig. 7A,B ) was complex and differed between both as shown in Fig. 8 . The first region included only the sampling zone 1 (Fig. 1) pauses between repeated measurements. The above considerations and adaptations of the measurement 604 protocol would likely result in better resolution of periods where the fluorescence signals are already low.
605
Phytoplankton succession and population dynamics are therefore still the dominant cause of gaps in the 606 data. When measurements are made on a group lacking pigments that absorb in a particular waveband, 607 the fluorescence signal may be too low to be detected or the induction curve obtained with this excitation 608 wavelength will not necessarily reach saturation. This is already accepted in fluorescence-based 609 measurements of phytoplankton photosynthesis when it was shown that cyanobacteria do not always The present study reports for the first time, time series of F v /F m and σ PSII acquired at basin scale 620 using a flow-through FRRF equipped with two excitation channels (458 and 593 nm), which marks a step 621 towards better integration of autonomous assessment of phytoplankton photophysiological conditions in 622 phytoplankton communities that are naturally diverse in their share of algae and cyanobacteria.
623
Patterns of spatio-temporal variation of the maximum photochemical efficiency (F v /F m ) were found 624 to be similar after excitation at 458 nm or 593 nm suggesting that the adjustment of F v /F m in response to 625 variations in environmental factors was similar for the different groups (algae vs. cyanobacteria) present 626 within phytoplankton community. In contrast, dynamics of the functional absorption cross-section of 627 photosystems II (σ PSII ) were dependent on the light excitation waveband used to excite PSII particularly
